Bisthioureas reacted with either 2-(bis(methylthio)methylene)malononitrile or ethyl 2-cyano-3,3-bis(methylthio)acrylate to give 1,3,4-thiadiazoles and 1,3-thiazoles. Only, the reactive allyl derivative of bisthioureas reacted with the bis(methylthio)methylene compounds to give 1,3-thiazoles. The mechanism was discussed. The structures of products were proved by MS, IR, NMR and elemental analyses and X-ray structure analysis.
Introduction
1,3,4-Thiadiazole derivatives have demonstrated a broad spectrum of biological properties in both pharmaceutical and agrochemical fields. They are known to exhibit diverse biological activities such as in vitro inhibition of cyclooxygenase and 5-lipoxygenase activities [1] .
Acylated substituted 5-thio--D-glucopyranosylimino-1,3,4-thiadiazoles have been tested in vitro for antiviral activity against HIV-1, HIV-2 and human cytomegallo-virus (HMCV) [2] . A large number of thiadiazoles have also been patented in the agriculture field as herbicides, insecticides, fungicides, and bactericides [3] . Recently, 1,3,4-thiadiazole cores have received much attention in material science due to their interesting electronic and optical properties [4] .
Various methodologies that exist in the literature [5] for their synthesis are associated with number of drawbacks that impedes their applicability in the long run. On the other hand, the thiazole nucleus is very in many biologically active compounds that makes it one of the most extensively studied heterocycles [6] . Thiazoles play a pivotal role in many drug structures. For example, Ritonavir (anti-HIV drug) [7] , Dasatinib and Tiazofurin (antineoplastic agents) [8] , Fanetizole, Fentiazac and Meloxicam (anti-inflammatory agents) [9] , Nizatidine (antiulcer agent) [10] , Ravuconazole (antifungal agent) [11] , Nitazoxanide (antiparasitic agent) [12] . Inspired by these interesting previous biologically active compounds, we envisioned that treatment 2-hydrazinocarbothioyl -N-substituted-hydrazine-carbothioamides 1a-d with 2-(bis(methylthio)-methylene)malononitrile (2a) and ethyl 2-cyano-3,3-bis(methylthio)acrylate (2b) would form 1,3,4-thiadiazole and/or 1,3-thiazole derivatives.
Results and Discussion
Equimolar amounts of 2-(hydrazinocarbonothioyl)-N-substituted-hydrazine-carbothioamides 1a-d and 2-(bis(methylthio)methylene)malononitrile (2) were stirred in tetrahydrofuran (THF) with catalytic amounts of trimethylamine (Et3N) at refluxing temperature for 1 h and at room temperature for 1-3 h. Bis-thioureas 1a-c provided from excellent to moderate yields of the respective diaminothiadiazoles. For the bis-arylthioureas having electron-donating substituent like 1b, the yield of 3b (84%) was superior to 3c (80%, Scheme 1). In general, 1,3,4-thiazole derivatives 3a-c were precipitated as colorless solids and as the sole products in 75-84% yields (Scheme 1). In the case of 1d reacting with 2a and/or 2b, 1,3-thiazole derivatives were obtained in a different manner (Scheme 1). The mass spectrum and elemental analysis proved the molecular formula of 3a as C14H12N4S (I removed the IR sentence). The phenyl protons in the 1 H NMR spectrum of 3a appeared as two triplets at H = 6.94 (J = 7.6 Hz, 2H) and 7.27 (J = 7.6 Hz, 4H) and a doublet at H = 7.54 (d, J = 7.6 Hz, 4H). The NH protons were absorbed as broad singlet at H = 9.38. The 13 C NMR spectrum indicated the ring of 1,3,4-thiadiazole ring structure, by revealing the C=N carbon signal at C= 156.3.(I remove the previous sentence). All spectroscopic and analytical data are in a good agreement with the structure of (the full name was omitted) 3a [13, 14] . Similarly, compound 1b (the full name was omitted) reacted with 2 to produce (the full name was omitted) 3b [13] . The structure proof of 3b was unambiguously supported by X-ray structure analysis ( Figure 1 ). In the same manner, 1,3,4-thiadaizole-2,5-diamine derivative 3c (the name was shortened) [14] . was obtained in 80% yield from the reaction of 1c with 2 (Scheme 1).
The newly prepared 3-thioxo-1,2,4-triazolidine-1-carbothioamide 4a (the name was shortened)
was obtained as pale red crystals in 90% yield (Scheme 1). 
Crystal Structure Determination of 3b
The single-crystal X-ray diffraction study was carried out on a Bruker D8 Venture diffractometer with Photon100 detector at 123(2) K using Cu-Ka radiation (l = 1.54178 Å. Direct Methods 
Starting materials
1,6-Disubstituted 2,5-dithioureas were parepared according to published procedures as were
and N,N ' -bis(benzyl)hydrazine-1,2-dicarbothioamide (1c) [14] and N,N ' -bis(4'-methylphenyl)hydrazine-1,2-dicarbothioamide (1b) [14] and N,N ' -diallylhydrazine-1,2-dicarbothioamide (1d) [4, 14] . 2-(bis(methylthio)-methylene)malononitrile (2a) and ethyl 2-cyano-3,3-bis(methylthio)acrylate (2b) were bought from Fluka.
General Procedure

Reaction of bisthioureas 1a-d with compounds 2a or 2b
A mixture of a dithiouears (1a-c, 1 mmol), an activated nitrile 2a or 2b (1 mmol), and a few drops of triethylamine in THF (30 mL) gently refluxed for 1 h; the reaction was followed by TLC analysis. After cooling at room temperature, the the preceiptates of 3a-c were collected by suction filtration, washed with THF, and dried at room temperature. Compounds 3a-c were identified by comparing their mp,s, IR and NMR spectra and their analytical data. 
